SECTI ON 5
SO LS | NVESTI GATI ON
Gener al

A soils investigation shall be required if the devel oper elects
to utilize a pavenent section based on good soils in a
single famly resi denti al subdi vi si on. A soils
investigation will not be required if the devel oper elects
to utilize a pavenent section based on poor soils.

In the event the streets are layed out in an area that may
require the renoval of unsuitable nmaterial, the Departnent
reserves the right to request a soils investigation to
determine the extent of the wunsuitable material to be
renoved

Streets within an industrial park will require a soils
investigation to determ ne the required pavenent section.

Quidelines for Soils Investigation

The specifications and guidelines for a soils investigation are
found as an Appendi x to this Section.

Soi |l Survey for Subdivision

A soil survey shall be made for all proposed streets within the
subdi vi si on. To insure wuniformty of data the followng
gui delines and nethods are provided for those performng the
field work:

Equi prent - Any equi pnment can be used that will enable soil to
be renmoved by stratum to the desired depth
Normally a 4 inch (102 mm) hand auger is
sufficient.

Locations -Sanpling locations, normally called borings, shall be
spaced no nore than 300 feet (91 m apart along

the centerline of the proposed streets. O fsets
from centerline shall be wthin the area of
proposed roadway. Borings should be located in

such a manner that all questionable areas (i.e
depressions and ol d stream beds) are investigated.

Depth -Borings shall be nmade to a depth adequate to sanple soils
3 feet (.91 nm below the subgrade of the proposed
pavenment system
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Sanpling -Soil shall be sanpled by stratum Normally, when using
a hand auger the soil in the auger is conpared
with the previous auger |oad. As soon as a change
in the soil conposition is noted, a new sanple is
started and the depth to the nearest half foot is
recor ded. A mnimm sanpling rate of one sanple
per foot of boring is required regardless of soil
condition encountered. Sanple size should be
sufficient for the required | aboratory testing.

Water Level -Wien water is encountered, borings should be left
open until water level stabilizes and then depth
to water should be recorded.

Data -A |log of each boring should be kept, recording the
foll owi ng information:

a) Nane of street,

b) Location of boring - station and offset,

c) Surface elevation referenced to roadway

gr ade,

d) Dat e of boring,

e) Dept h of each stratum

f) Sanpl e nunber,

g) Soil description (this is not required,
however , the presence of unusual SOi
condi ti ons nust be noted on the |log), and

h) Depth to water if encountered.

These guidelines are provided to instruct personnel involved with
soil investigation work for subdivisions. It is the intent to
standardi ze nethods used by the developer for obtaining and
presenting soils data.

The gqguidelines for the soil survey detail mninum standards
acceptable for the field work. These are simlar to the
standards used by the Departnent when investigating soils for
roadway design

Test methods for soils specified herein are taken from procedures
found in the Delaware Departnment of Transportation Materials
Manual . These procedures are based on tests detailed in American
Association of State Hghway and Transportation Oficials
(AASHTO) Standard Specifications for Transportation Materials and
Met hods of Sanpling and Testing as descri bed bel ow

Dry Preparation of Disturbed Soil and Soil Aggregate Sanpl es

for Tests - This procedure follows AASHTO T87 and
contains only mnor changes. Irrel evant sections were
del et ed.
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Particle Size Analysis of Soils
This procedure i s based on AASHTO T88 with the maj or change bei ng
the deletion of the hydronmeter test.

Determning the Liquid Limt of Soils
The procedures in this test are based on AASHTO T89 with the
maj or change being the deletion of the referee test.

Determning the Plastic Limt and Plasticity I ndex of Soils
This procedure follows AASHTO T90 and contains only mnor
changes.

Laboratories performng the testing for soil investigations of
subdi visions nust either follow these nodified procedures or
corresponding procedures specified in the AASHTO Standard
Speci fications or ASTM Standards. Methods which deviate from any
of these procedures nust be submtted to the Departnent for
approval .

Results of soil investigations submtted to the Departnent should
cont ai n:

a)a plan view of the subdivision streets showng boring
| ocati ons,

b)l ogs containing the required data for all borings made,

c)particle size analysis and limts for all soil sanples taken,

d) AASHTO classification for each soil sanple as determ ned by
AASHTO pr ocedure ML45, and,

e)a profile view of each street with borings plotted to scale
showi ng the AASHTO cl assification of soils encountered.

The Departnment reserves the right to nake check soil survey
borings and inspect testing | aboratories as part of our review of
t he devel oper's investigation work.
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PARTI CLE SI ZE ANALYSI S OF SO LS

Correspondi ng Tests AASHTO T88
ASTM D422

1. SCOPE

1.1This nmethod describes a procedure for the quantitative
determ nation of the distribution of particle sizes in
soil .

APPARATUS

N

N

. 1The apparatus shall consist of the follow ng:

2.1.1Bal ance - a balance sensitive to 0.1 gram (0.004 oz) for
wei ghing the material passing a (No. 10) 2.00 mm si eve;
for larger sanples, the balance should be sensitive to
within 0.1 percent of the sanple to be wei ghed.

2.1.2Stirring Apparatus - a nmechanically operated stirring
apparatus consisting of an electric notor suitably
mounted to turn a vertical shaft at a speed not |ess
than 10,000 revolutions per mnute wthout |oad, a
replaceable stirring paddle made of netal, plastic or
hard rubber simlar to one of the designs shown in
Figure 1, and a dispersion up conformng to either of
t he designs shown in Figure 2.

2.1.3Sieves - A series of sieves of square nesh woven cloth,
conformng to the requirements of AASHTO M2, (ASTM
E11-70) WRE CLOTH SIEVES FOR TESTI NG PURPOCSES. The
sieves normally required are as foll ows:

St andard Desi gnati on, mm Al ternate Designation

75 4.75 3 in. No. 4
50 2.00 2in. No. 10
25.0 0.425 1in. No. 40
9.5 0.075 3/8 in. No. 200

2.1.4Beaker - A beaker of approximately 400-m (0.01 @Gal.)
capacity.

2.1.5Container - A porcelain evaporating dish or other suitable
cont ai ner .

2.1.60ven - A thernostatically controlled drying oven capabl e of

mai ntai ning tenperatures of 110 degrees + 5 degrees C
(230 degrees + 9 degrees F) for drying washed sanpl es.
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2.1.7Sampler Splitter - A suitable riffle sanpler or sanple

3.

splitter for proportional splitting of the sanple and
capable of obtaining representative portions of the
sanpl e wi thout appreciable |oss of fines. The wi dth of
the container used to feed the riffle sanple splitter
should be equal to the total conbined width of the
riffle chutes.

REQUI REMENTS FOR VEEI GHI NG

3.1The weight of the representative portion of the original air-

dry sanple shall be determned to within 0.1 percent.
(For exanple a 1000 gram (2.2 Ib.) sanple and the size
fractions of the 1000 gram (2.2 | b.) sanple retained on
the No. 10 (2.00 nmm sieve shall be weighed to the
nearest gram. The weight of the representative
portion passing the No. 10 (2.00 mm sieve shall be
determined to within 0.1 gram (For exanple a 100 gram
(3.5 0z.) sanple and the size fractions of the 100 gram
(3.5 0z.) sanple passing the No. 10 (2.00 mm) sieve
shall be weighed to the nearest 0.1 gram

SAMPLES

4.

4.

21

2

3

The

test sanples for particle size analysis shall be
prepared in accordance wth DRY PREPARATION OF
DI STURBED SO L AND SO L AGGREGATE SAMPLES FOR TESTS
The representative portion of the original air-dry
sanpl e selected for test shall be weighed. The weight
of this sanple shall be approximtely 1000 grans (2.2
I b.) or nore.

The size of the representative portion passing the No. 10

(2.00 nmm sieve shall be approximately 110 granms (3.9
ox.) for sandy soil and approximately 60 grams (2.1
oz.) for silty or clayey soils.

The sanple selected in Subsection 4.1 shall be separated on

4.4 The

the No. 10 (2.00 mm sieve as described in DRY
PREPARATION OF DISTRUBED SO L AND SOL AGGREGATE
SAMPLES FOR TESTS. One portion contains only particles
retained on the No. 10 (2.00 nm sieve while the other
portion contains only particles passing the No. 10
(2.00 mm sieve. The portion passing the No. 10 (2.00
mm) _ sieve shall be reduced by the use of a riffle
sanpler or sanple splitter to a representative size
fraction as noted in Subsection 4. 2.

remai ning portion passing the No. 10 (2.00 mm sieve

shall be separated by nmeans of a No. 40 (0.425 mm

sieve in accordance with DRY PREPARATI ON OF DI STURBED

SO L AND SO L AGGREGATE SAMPLES FOR TESTS, Section 6.
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5. SIEVE ANALYSIS OF FRACTION RETAINED ON NO. 10 (2.00 MM

SI EVE

5.1 The portion of the sanple retained on the No. 10 (2.00 mm

5.2 The

sieve shall be separated into a series of sizes by the
use of the 3 in., 2in., 1in., 3/8in., and the No. 4
(75, 50, 25, 9.5 and 4.75 mm sieves, and using other
si eves as may be needed depending on the sanple or upon
the specification for the material beilng tested.

sieving operation shall be conducted by neans of a
| ateral and vertical notion of the sieve, acconpanied
by jarring action so as to keep the sanple noving
continuously over the surface of the sieve. In no case
shall fragnments in the sanple be turned or nmanipul ated
t hrough the sieve by hand. Sieving shall be continued
until not nmore than 1 percent by weight of the residue
passes any sieve during 1 mnute. When sieving
machi nes are used, their thoroughness of sieving shal
be tested by conparison with hand net hods of sieving as
above descri bed.

5.3 The portion of the sanple retained on each sieve shall be

wei ghed and the weight recorded although it shall be
perm ssable to record the accunul ated weights as the
contents of each successive sieve is added to the
fractions previously deposited on the scale pan. A
check on the weight values may be secured by weighing
the portion passing the No. 10 (2.00 nmm sieve and
adding this value to the weight of the portion retained
on the No. 10 (2.00 mm sieve.

6. SI EVE ANALYSIS OF FRACTION PASSING THE nO. 10 (2.00 MW

SI EVE

6.1 The approximately 110- or 60- gram (3.9 or 2.1 oz.) sanple

shall be weighed, placed in a beaker of approximately
400 mM (0.1 gal) covered with clear water, stirred
thoroughly with a glass rod and allowed to soak. The
contents of the beaker shall then be washed into one of
the dissersion cups shown in Figure 2, water added
until the cup is nore than half full, and the contents
di spersed for a period of approximately 1 mnute in the
mechani cal stirring apparatus.
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6.2 The contents of the dispersion cup shall then be washed on a
No. 200 (0.075 mm sieve. The fraction retained on the
No. 200 (0.075 nmm sieve shall be placed in a
container, dried in an oven to constant weight at 230
degrees + 9 degrees F (110 degrees + degrees C) and a
sieve analysis nade using the required sieve sizes
smal ler than the No. 10 (2.00 nmm).

Note 1:The term weight is tenporarily used in this
procedure because of established trade usage.
The word may be used to nmean both force and
mass and care nust be taken to determ ne
which is neant in each case (SI unit for
force = newton and for mass - kil ogram

Note 2:Exanple calculation are shown on an attached
wor ksheet .



DETERM NING THE LIQU D LIMT OF SAOLS

Correspondi ng Tests AASHTO T89

ASTM D423
DEFI NI TI ON
.1 The Iliquid limt of a soil is that water content as
determned in accordance with the follow ng procedure
as which the soil passes from a plastic to a liquid
state.
APPARATUS
.1 The apparatus shall consist of the follow ng:
.1.1Dish - A porcelain evaporting dish or simlar mxing dish,
about 4 1/2 in. (115 nm in dianeter.
.1.2Spatula - A spatula or pill knife having a bl ade about 3 in.
(76 mm in length and about 3/4 iln. (19 m in w dth.
.1.3Liquid Limt Device - A notor driven or nanually operated

mechani cal device consisting of a brass dish and
carriage, constructed according to the plan and
di mrensions shown in Fig. 1. The notor driven device
shall be calibrated to give the sane liquid limt as
obtained with the manual | y operated devi ce.

. 4G ooving Tool - A grooving tool conformng to the di nmensions
shown in Fig. 1.
.5Gage- A gage, whether attached to the grooving tool or

separate, conformng to the critical dinension "e
shown in Fig. 1 and may be , if separate, a netal bar
10.00 + 0.02 mm (0.394 + 0.001 in) thick and
approximately 50 mm (2 in) |ong.

.6Containers - Suitable containers such as netal cans wth
lids which wll prevent I|oss of noisture during
wei ghi ng.

. 7Bal ance - A bal ance sensitive to 0.01 g.

.80ven - A thernostatically controlled dying oven capabl e of

mai ntai ning tenperatures of 100 degrees + degrees C

(230 degrees + 9 degrees F) for dryiong noisture
sanpl es.
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Met hod A

3. SAMPLE

3.1 A sanple weighting about 100 g. (3.5 o0z.) shall be taken
from the thoroughly mxed portion of the material
passing the 0.425 mm (No. 40) sieve which has been
obtained in accordance with the procedure specified in
DRY PREPARATION OF DI STURBED SO L AND SO L AGGREGATE
SAMPLES FOR TESTS.

4. ADJUSTMENT OF DEVI CE

4.1 The liquid Iimt device shall be inspected to determ ne that
the device is in good working order; that the pin
connecting the cup in not worn sufficiently to permt
side play; that the screws connecting the cup to the
hanger arm are tight; the points of contact on the cup
and base are not excessively worn; and that a groove
has not been worn in the cup through |ong usage. The
grooving tool shall be inspected to determ ne that the
critical dinmensions are as shown in Fig. 1

4.2 By neans of the gage and the adjustnment plate H Fig. 1, the
height to which the Cup Cis lifted shall be adjusted
so that the point on the cup which comes in contact
with the base is 0.394 + 0.00 in. (10.00 + 0.02 nm
above the base. The adjustnent plate H shall then be
secured by tightening the screws, |I. Wth the gate
still in place, the adjustnent shall be checked by
revolving the crank rapidly several tines. If the
adjustnment is correct a slight ringing should will be
heard when the cam strikes the cam follower. If the
cup is raised off the gate or no sound is heard,
further adjustment shall be nmade.

S. PROCEDURE

5.1 The soil sanple shall be placed in the mxing dish and
thoroughly mxed with 15 to 20 cc of distilled or
demnerallized water by alternatively and repeatedly
sitrring, kneading, and chopping wth a spatula.
Further additions of water shall be made in increnments
of 1 to 3 cc. Each increnent of water shall be
t horoughly m xed with the soil as previously described
before another increnent of water is added. Once
testing has begun, no additional dry soil should be
added to the npistened soil. The cup of the liquid
limt device should not be used for mxing soil and
wat er .

Note 1: Sonme soils are slow to absorb water, therefore,
it is possible to add the increnents of water
so fast that a false liquid Iimt is
obtained. This can be avoided if nore m xing
and/or time is allowed.
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5.2 Wen sufficient water has been thoroughly mxed with the

5.3 The

soil to form a uniform mass of stiff consistency, a
sufficent quantity of this mxture shall be placed in
the cup above the spot where the cup rests on the base
and shall then be squeezed and spread into the position
shown in Fig. 2 with as few strokes of the spatual as
possi bl e, care being taken to prevent the entrapnent of
air bubbles within the nmass. Wth the spatula the soi
shall be leveled and at the same tinme trimed to a
depth of 10 mm (0.4 in.) at the point of maximm
t hi ckness. The excess soil shall be returned to the
m xing dish. The soil in the cup of the device shal
be divided by a firm stroke of the grooving tool along
the dianeter through the center line of the cam
follower so that a clean sharp groove of the proper
di mrensions will be forned. To avoid tearing of the
sides of the groove or slipping of the soil cake on the
cup, up to six strokes fromfront to back or from back
to front counting as one stroke. shall be permtted.
The depth of the groove should be increased with each
stroke and only the last stroke should scrape the
bottom of the cup.

cup containing the sanple prepared as described in
subsection 5.2 shall be lifted and dropped by turning
the crank F at the rate of two revolutions per second
until the two sides of the sanple conme in contact at
the bottom of the groove along a distance of about 1/2
inch (12.7 mm. The nunber of shocks required to cl ose
the groove this distance shall be recorded. The base
of the machine shall not be held with the free hand
while the crank F is turned.

Note 2:Sone soils tend to slide on the surface of the
cup instead of flowing, if this occurs, nore
water should be added to the sanple and
rem xed, then the soil-water m xture placed
in the cup, a groove cut with the grooving
tool and subsection 5.2 repeated. If the
soil continued to slide on the cup at a
| esser nunber of blows then 25, the test is
not applicable and note should be nmade that
the liquid limt could not be determ ned.
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5.4

5.5

5.6

A slice of soil approxinmately the width of the spatula,
extending from edge to edge of the soil cake at right
angles to the groove and including that portion of the
groove in which the soil flowed together, shall be
removed and placed in a suitable container. The
container and soil shall then be weighed pronptly to
the nearest 0.01 gram and the weight recorded. The
soil in the container shall be over-dried to a constant
wei ght at 110 degrees + 5 degrees C (230 degrees + 9
degrees F) and weighed to the neareset 0.01 gram This
wei ght shall be recorded and the loss in weight due to
drying shall be recorded as the wei ght of water.

The soil remaining in the cup shall be transferred to the
m xi ng dish. The cup and grooving tool shall then be
washed and dried in preparation for the next trail.

The foregoing operations shall be repeated for at |east two
additional protions of the sanple to which sufficient
wat er has been added to bring the soil to a nore fluid
condi tion. The object of this procedure is to obtain
sanples of such consistency that at |least one
determination will be made in each of the follow ng
ranges of shocks: 25 - 35, 20 - 30, 15 - 25, so the
range in the three determnations is at least 10
shocks.

CALCULATI ONS

100

7.

The water content of the soil shall be expressed as the
noi sture content in percentage of the weight of the
overdried soil and shall be calculated as foll ows:

Percent age Misture = wt. of water X

wt. of oven-dried soi

PREPARATI ON CF FLOW CURVE

7.1

A "Flow Curve" representing the relation between npisture
content and corresponding nunber of shocks shall be
plotted on a sem -logarithmc graph with the noisture
contents as abscissae on the arithnetical scale, and
t he nunber of shocks as ordinates on the logarithmc

scale. The flow curve shall be a straight |ine drawn
as nearly as possible through the three or nore plotted
poi nt s.
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LIQUDLIMT

The noisture content corresponding to the intersection of
the flow curve with the 25 shock ordinate shall be
taken as the liquid Iimt of the soil. Report this
val ue to the nearest whol e nunber.

Met hod B (One Point Determ nation)

SAMPLE

10.

A sanpl e wei ghi ng about 50 granms (1.8 ox.) shall be taken as
described in Section 3.

PROCEDURE

10.

10.
10.

11.

The procedure shall be the sane as prescribed in Subsection
5.1 through 5.5 except the npisture sanple taken in
accordance with Subsection 5.4 shall be taken only for
the accepted trail.

One groove cl osure shall be considered acceptable.

For accuracy equal to that obtained by the standard three
poi nt nethod, the accepted nunber of blows for groove
closure shall be restricted between 22 and 28 bl ows.

CALCULATI ON

11.

11.

The water content of the soil at the tinme of the accepted
closure shall be calculated in accordance with Section
6 and the result reported as the liquid limt.

Report liquid limt to nearest whole nunber.
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DETERM NI NG THE PLASTIC LIMT AND PLASTICITY
| NDEX OF SO LS

Correspondi ng Tests AASHTO T90

ASTM D424

DEFI NI TI ONS

The plastic Ilimt of a soil is the lowest water content
determned in accordance with the foll ow ng procedure
at which the soil remains plastic. The plasticity
index of a soil is the range in water content,
expressed as a percentage of the weight of the
ovendried soil, wthin which the nmaterial is in a
plastic state. It is the nunberical difference between

the liquid limt and plastic limt of the soil.

APPARATUS

The apparatus shall consist of the follow ng:

.1Dish - A porcelain evaporating dish, or simlar mxing dish
about 4 1/2 inches (115 mm) in dianeter.

.2Spatula - A spatula or pill knife having a blade about 3
inches (76 mm) in length and about 3/4 inch (19 mm in
wi dt h.

.3Surface for Rolling - A ground glass plate or piece of
snoot h, ungl azed paper on which to roll the sanple.

.4Containers - Suitable containers, such as netal cans wth
lids which wll prevent Iloss of noisture during
wei ghi ng.

. 5Bal ance - A bal ance sensitive to 0.01 g.

.60ven - A thernostatically controlled drying oven capabl e of
mai nti ani ng tenperatures of 110 degrees



